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Discussion of Norman E. Woldman's Paper

'COLD-WORKINO OFW HOLLOW CYLINDU.P
( ,e by Auto-Freetage"

In view of recent advances In ideas concerning the true

nhenomena of plasticity of metals the theoriev advanced in

the first part of the paper are considered superoeded by

the newer and better established onps. An excellent

survey of ths, entire field i found in the work of Prof.

P. W. Bridgeman, "The Physics of High Pressure", and In

the book 'Distortion of Metal Crystals" by C. EAEIam,

Oxford 1935, with the bet theory and one which has the

eupport of several leadine authorities, presented in

*The Mechanism of Plastic Deformation of Crystals* by

a. I. Taylor, Froc. Royal Society, Vol. 1.46 No.A858, 1934.

The author's diagram (Fig. 7) and accompanying

discussion on Pbge Al, intended to depict the characteristic

behavior of material before cold-work, after cold-work, and

after stabalixing, are misleading. In the diagrAm the

"After Cold-Working" curve should extend upward almost

to the yield position of the *After Low Tempe.rature* curve.
I

This letter curve should be on the same modulus line as

the "As Received" curve since there Is no change in the

modulus of elaoticlty produced by cold-working. -in his

discussion of the return of elastic strength by low temp.

heat treAtment the Author appeIre to consider the terms

5
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"proportional* and *elastic" strength as applying to the

lame condition, where as a matter of tact there is a

definite difference between the two. Thm fact that a

material exhibits considerable hysteresis with no

evidence of proportionality of stress to strain In no
indictionIt

Indloation that/to not @till perfectly ela'.1ic in the

sense that upon release of pressure applicationsvery close

to the final cold-working pressure, the material will still

return to Its original after cold-work dimensions, The

real effect of the low temp. or staballzing treatment Is

to bring about a return of proportionality of stress to

strain. This Is well illustrated in Figures A ana D.

Figure A shows typical stress-strain curves obtained from

tept specimens from a forged cold-worked cylinder In the

cold-worked condition and after stabalizing for 5 and 8

hours. The curve noted as unstabalized shows the

characteristic hysteresis looping with a very low proportional

limit. Stabalizing for b hours at 300*C has released a part

of the hysteresis with a resultant increase in proportional

limit. The additional three hours or total of eight hours
5

soaking has completely stabalizd the material and produced

a clearly defined proportional limit which is practically

equal to the elastic rtrength of the material. Further

0
and more comorehensive evidence of the results of

stabalization is indicated from the curves shown In Figure

B. These curves are plotted stress vs residual strain from
0
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readings obtained by the use of extremely sensitive

4 instruments and show quite clearly that stabalization

after cold-working merely relieves hysteresis and brings

out a clearly defined proportional limit point. In this

connection It may be well to note that the time and

temperature required for complete stabalIzation will be

found dependent to a large degree on the material

- composition.

Regarding the remarks In the first paragraph, vage 12,

contrary to the author's statement, we have found that so

*long as the temperaturt used io just sufficient for

stabalization and not high enough to produce a change

in material microstructure, the only change In physical

C properties produced i the elimination of hysteresis

looping with the accompanying development of a clearly

defined proportional limit, no other property being

affected.

In connection with the general subject of cold-working

It may be of Interest to note that the increased elastic

strength produced by cold-working either a hollow oylinder

by radial expansion, or a rod or bar by longitudinal

stretebing, can be readily predetermined from the true-

stress curve obtained from the tension test of a single

specimen of the material, as shown In Figure C. These

were obtained froe a cylinder before cold-work and after

e
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old-work &And stabilizatioa. It w111 be noted that the

4 curve of t.hs after cold-work and soak condition super-

Imposes on U;is before eold-work ourvo, at a distano to

time ri6ht equivalent to an amount of stretching or Cold-

w orkl&t or Um be fore @01.-work o oim equal to that 0

given. Uti oylilndor ot, the DoosItlon trom whbh the svvi .Ircrn

was ti.@fo. The new proportional limit point indlotiEn)-

the L'orefdo elastic stresig"th proouooco From suct an

inIt.eif curve It Is possible to determine tAe olastio

str.n4tki at any part of a cylinder wall provided the

perceentage permanent enlargnoant at that oartioular point

I a known.

Tat curves noted In ?ure C were obtained from "

contrif~ug 7l oast whic~ o ulh accounts for the larg e

arop at the yield point. It has been our expeorience tha&t

this drop is definitely aseooiated with tao hot worked

oonAL.lota of the mt# rlal, that Is, the presence of porooty,

voids, *to. The condition when present Is reatly reduc

In maSiaiude and many times ompletely eliminated by slight

In ooioluslon It Is assired to point to the fact tatA

for &11 tae large anowt of lnvoetigative, work whioh has

been done on the subjeot of oold-wortLnaR hollow cylinders, •

the true reason for the Increased *lasoLe stength prodoed

ha6 laot as yet been conoluevely established. Purther re-
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searoh Into the now theories regarding the plaosti do-

formation of crystals and the phenomena of etabilitation

by low temperature heat treatment, will undoubtedly lead

to a olarifioatlon of the entire subjeot. The paper as

presented, while It represents a review or survey of avail-

-. able literature, oan only therefore be considered as a

summation of Ideas which may be subjeot to change at a

later ate.

H. C. Mlann,
Senior Materials EKnneer
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